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(54) Inductively coupled plasma reactor with faraday-sputter shield 



(57) A slotted Faraday-sputter shield is formed to 
pr ovide linp-nf -si ght paths therethrough. The Fara- 
day-sputter snieia is prereraoiy rinisnea on its outer sur- 
face with a smooth highly electrically conductive finish, 
and on its inner surface with a rough surface to aid in 
adhering material deposited during plasma processing. 
The shield may be arranged in an inductively coupled 
plasma reactor having an RF powered coil disposed 



external to a plasma chamber, a plasma powered by the 
coil to be formed within the dielectric chamber, the 
shield being disposed within the chamber between the 
plasma and the RF coil to provide(n § line-of-sight p aths 
between the plasma and the RF coil while permirlffit) 
inductive but no capacitive coupling between the RF coil 
and the plasma. 
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Description 

The present invention is directed to an apparatus 
for use in processing semiconductor devices and the 
like. More particularly, the present invention is directed s 
to novel plasma sputter deposition (PSD) reactor 
designs and plasma etch and deposition designs which 
incorporate an external (to the plasma-containing 
chamber) inductive plasma source and an internal (to 
the plasma-containing chamber) Faraday-sputter w 
shield. Optionally, the Faraday-sputter shield is made 
self -cleaning. 

In processing semiconductor wafers to form inte- 
grated circuits thereon, plasma-assisted processes are 
frequently used for depositing materials onto and etch- is 
ing materials from the semiconductor wafer. Such proc- 
esses include plasma etching, reactive ion etching 
(RIE), plasma enhanced chemical vapor deposition 
(PECVD), as well as a number of other well known proc- 
esses. In order to form and power such a plasma, a 20 
ra dio frequency (RF) power source is ge nerally used to 
provide power to one or more oowereo eieciroaes wit ffflrf 
a vacuum vessel containing a gas at a predetermined 
press uTgjrT^'Hrcr&^ A 
matching network is typically used to efficiently couple 25 
power from the RF power source to the powered elec- 
trode within the vacuum chamber interior. The operation 
and construction of such RF power sources and their 
matching networks is well known to those of ordinary 
skill in the art. 30 

The creation of an electric field between electrodes 
within the vacuum chamber causes electrons present in 
the gas to initially collide elastically with gas molecules. 
As this process continues, the electrons gain more 
energy and eventually begin to collide inelastically with 35 
the gas molecules to form excited or ionized species. 
Eventually a steady state plasma is formed in which 
excitation and recombination of the atoms with elec- 
trons within the plasma are balanced. Highly reactive 
ions and radical species are produced in the plasma 40 
and may be used to etch or deposit materials on semi- 
conductor wafers. Electric and magnetic fields formed 
within the vacuum chamber either by action of the 
plasma or by external application of magnetic fields 
and/or DC or RF self-induced biasing mechanisms are 45 
used to control the etching and deposition processes 
within the vacuum chamber. 

Recent trends in the semiconductor industry 
include requirements for the production of finer and finer 
device features on larger and larger semiconductor sub- so 
strates while achieving higher and higher throughput. 
The goal in the design of semiconductor fabrication 
equipment is thus to provide equipment capable of rapid 
processing, low downtime and low levels of contamina- 
tion and device damage. It is also highly desirable to be ss 
able to achieve un iform etching across the relatively 
large surfaces preserves by tne zu cm semi conductor 
substrates currently in production and the 30cm sub- 
strates planned for production in the future. Higher 



power results in more rapid processing yet leads to* 
problems such as the deposition and etching of materi- 
als to and from undesired locations such as the walls of 
the reactor chamber. 

The use of metal ions to deposit metal films for use 
in semiconductor applications has been studied exten- 
sively in recent years. In particular, the IBM Corporation 
has worked on developing a reactor which uses an 
i nductively coupled RF coil to ionize the sputtered metal 
neutrals from a planar magnetron. A typical reactor 10 
for such experiments is shown in FIG. 1 . 

As can be seen in FIG. 1 . a RF coil 12 was placed 
inside chamber 15 h<a lYypjf>n *h<a ry^n Qtron targe t cath- 
cxje 14J here, a rotating fixed magnet assemblylorming 
a ct'osed-loop magnetic field in the region of the target 
cathode; magnetron rotation is about the vertical axis 
1 3 of the dielectric reactor vacuum chamber 1 5) and the 
wafer 16 on chuck 18 to ionize the sputtered metal 
atoms from the magnetron target cathode 14. A dense, 
inductively coupled plasma was generated by applying 
RF power to the two-turn RF coil 12. Although this 
approach has been proven by IBM workers to be effec- 
tive in generating a high density plasma, there are still a 
number of problems associated with it which preclude it 
from being a commercially viable technology for use in 
semiconductor processing at this time. 

A significant problem with the IBM approach dis- 
cussed above is that RF coil 12 is in direct contact with 
the plasma on the inside of chamber 1 5. In order to cou- 
ple significant power to RF coil 12, it must be driven to 
relatively high RF voltages (on the order of at least a few 
hundred volts). This high voltage inevitably causes sput- 
tering of RF coil 12 itself due to the high density plasma 
that it generates and therefore contacts. Sputtering of 
the coil when the coil is of a material other than the cath- 
ode target (i.e., sputter source) causes contamination of 
the deposited film with the material of the coil. This out- 
come is unacceptable. One solution to this problem is to 
make the RF coil itself out of the same material as the 
sputter source. While somewhat convenient for deposit- 
ing certain materials, this approach is inconvenient for 
materials such as those having a high resistivity such 
as, for example, Titanium (Ti) and Tungsten (W) as it will 
lower the Q of the RF circuit making it more difficult to 
couple energy into the plasma. It is also generally a rel- 
atively expensive undertaking to fabricate the RF coil 
out of the high purity materials suitable for use in the 
sputter chamber. Another solution to this problem is to 
make the RF coil out of a material such as copper (Cu) 
and then sputter deposit material from the sputter 
source onto it. In this way, if sputtered, the coil will only 
yield the source material -- at least for a while. This 
technique poses the problems of both reducing the Q of 
the RF circuit as well as requiring careful attention to the 
level of coating on the RF coil over time. 

In both of the above-described arrangements, coil 
erosion will impose significant limits on the useful life of 
the RF coil itself. Additional costs are also incurred due 
to the required periodic replacement of the RF coil prior 
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to failure. Replacing the RF coil requires downtime, is a 
significant undertaking, exposes the reactor to contam- 
ination, and is expensive and undesirable. These 
arrangements introduce the further disadvantage of 
particulate contamination where sputtered target mate* 5 
rial builds up on the coil, then flakes off, potentially strik- 
ing and damaging the wafer under fabrication at the 
time. 

A further problem arises due to the fact that the RF 
coil needs to be cooled with an internal water flow in 70 
order to remove the heat deposited in the RF coil by 
contact with the plasma discharge. This structure 
places a water flow through the RF coil within the reac- 
tor chamber in close proximity to a violent plasma dis- 
charge which will eventually destroy the RF coil through 15 
erosion. Arcing, corrosion and electrolysis problems 
may all ensue. Additional measures and consequent 
costs are required to prevent these problems. 

Another undesirable characteristic of an internal RF 
coil is that there is significant capacitive coupling 20 
between the RF coil and the plasma. Since a capaci- 
tively coupled plasma tends to generate high voltages, 
arcing, excessive sputtering and non-uniform density 
profiles of sputtered material across a diameter of the 
wafer being processed, it is highly desirable to minimize 25 
any such coupling. 

US-A-5, 178,739 discloses a sputter deposition 
reactor which employs an internal planar coil disposed 
at one end of the chamber and a cylindrical target from 
which is sputtered material to be deposited on a sub- 30 
strate disposed at an opposite end of the chamber. 
While suited for its intended purpose, this design does 
not avoid the problem of plasma-coil interaction at high 
input power levels. 

A number of additional references discuss the gen- 35 
eral problems associated with plasma-based sputtering 
systems. US-A-3,369.991 describes a sputter deposi- 
tion chamber in which a planar electrode is coupled to 
an RF power source to form a plasma. US-A-4, 126,530 
describes a sputter cleaning/etching/coating system uti- 40 
lizing a cylindrical cathode. US-A-5,228,963 describes 
a hollow cathode magnetron for use in sputter coating 
long filaments. US-A-5,328,582 describes an off-axis 
magnetron sputtering apparatus with relative rotary 
motion between a magnetron target bearing material to 45 
be sputter deposited and a substrate to be coated. 

US-A-5,431,799 describes another plasma reactor 
employing an internal RF coil system. US-A-05.433,812 
describes a plasma reactor employing an end-type die- 
lectric window and planar RF coil for transformer cou- so 
pled plasma (TCP) operation. A shield for shunting 
capacitive electric fields generated by the planar RF coil 
to ground is provided external to the chamber interior at 
a position between the RF coil and the dielectric win- 
dow. Th " shield operates to reduce capacitively coupled ss 
electric fields while having little effect on inductive mag- 
netic fields induced by the RF coil and which are used to 
power the plasma. A similar structure is shown in 
Mahoney et al., "Characterization and Organic Film 



Deposition of a Broad Area, Planar RF Induction 
Source" (November, 1992 American Vacuum Society 
Conference, Chicago, Illinois). While suited for their 
intended purposes, these designs interpose the dielec= 
trie wall or window between the shield and the plasma 
leading to the possibility of forming a metallic (conduc- 
tive) coating on the inside of the dielectric wall or win- . 
dow of the vacuum chamber if they were to be used for 
sputter deposition of conductive metal atoms, thus 
blocking power from the RF coil from having the effect 
inside the chamber of powering the plasma. 

US-A-4,795,879, while not directed to semiconduc- 
tor wafer fabrication, is mentioned for completeness. It 
discloses an inductively eoupied external RF coii pow- 
ered plasma jet device. A material to be sputtered is 
introduced into the chamber of the device. The device is 
operated to form a plasma. Vapor from the plasma is 
then expanded out of the chamber and allowed to 
deposit on a cold collection surface external to the inte- 
rior of the chamber in order to form an ultrafine and 
ultrapure powder or coating thereon. Its system prefera- 
bly uses a pure metal gasless plasma, external RF 
induction coils and dielectric plasma chamber walls. 
Shorting of the dielectric chamber walls is avoided by 
use of an interlocking assembly of vertically slotted, 
water-cooled, segmented shields which preclude a line- 
of-sight path between the external RF coil and the 
plasma inside the chamber. While suited for its intended 
purpose, this apparatus is not suitable for the fabrication 
of semiconductor devices within its chamber. 

Accordingly, the above references do not provide a 
high power inductively coupled plasma deposition reac- 
tor for depositing thin conductive films upon silicon 
wafers situated inside a plasma deposition reactor. 
While fit for their intended purposes, the references set 
forth above relating to internal coil ICP deposition reac- 
tors lack sufficient power handling capabilities to 
achieve current commercially desirable and practical 
throughput rates at reasonable cost and percentage 
downtime; the external coil devices described above do 
not provide adequate sputter shielding in conjunction 
with Faraday shielding for semiconductor wafer fabrica- 
tion inside a thin film deposition reactor structure with 
adequate power handling capabilities at commercially 
practical throughput rates, reasonable cost and accept- 
able percentage downtime. 

The invention is set out alternatively in the inde- 
pendent claims 

The present invention is applicable to plasma reac- 
tors for use in semiconductor processing having dielec- 
tric vacuum envelopes used for depositing or etching 
thin films upon semiconductor wafers placed inside the 
vacuum envelopes for processing. Such reactors utilize 
plasma assisted processes where the plasma is ener- 
gized by an RF power source inductively coupled to the 
interior of the vacuum envelope. 

In one arrangement an RF coil or antenna is placed 
outside a reactor chamber, outside of the vacuum enve- 
lope of the reactor chamber and out of direct contact 
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with the plasma. Simultaneously... ^ slotted grounded or 
sel ectively biased Faraday shield is placed inside th e 
vac uum envelop e to short all capacitive^£fiupling 
betwjg en the RP" coil a nd thenJtasmT^fhe Faraday 
shield also serves as a sputter snteld by physically 5 
o ccluding all line-of-sight paths between the plas ma 
a*n cTtheRF coil thus protecting the inside wall "of the 
vac uum envelope adjacent the RF coil from unwan ted 
depo sition of conductive material which cou ld block 
inHuntiw r.fl U p|jpg hptwppn thp RF f^oil and the Plasma. 10 
The Faraday-sputter shield servesto_bl ock capaciti ve 
co upling between the RF antenna and the pl asma 
i nsidg jbe-vacuum envelope while leaving inductive cou- 
pling between the two relatively unaffected. The present 
invention is adapted for use in a variety of configurations 75 
including inductively coupled plasma (ICP) processes 
and transformer coupled plasma (TCP) processes. It 
may be used with sputter deposition reactors, other 
plasma deposition reactors and plasma etchers pow- 
ered by an external RF coil. 20 

In another arrangement, the Faraday-sputter shield 
may be provided with an adjustable bias voltage source 
so as to control deposition build-up on the shield as well 
as provide a "self-cleaning" capability. 

In a further arrangement (not intended for use with 25 
the "self-cleaning" option), the shield may be con- 
structed so as to provide the outside of the shield with a 
smooth highly electrically conductive coating (e.g., gold, 
silver or copper plating over a smoothed surface) while 
roughening Jbe--surface of t he inside of the shield in 30 
order to promote more efficient inductive coupling 
between the RF antenna and the plasma while maxi- 
mizing the ability of the shield to adhere sputtered mate- 
rial to its inner surface in order to help prevent 
particulate contamination in the system. 35 

In yet another arrangement, the Faraday-sputter 
shield can be grounded to the chamber so as to mini- 
mize sputtering of its surface during plasma processing. 
Active cooling of the shield (i.e., by driving a coolant 
through the shield elements) can also be implemented 40 
to allow for very high power operation. 

Examples of the prior art and of the invention will 
now be described with reference to the accompanying 
drawings in which: 

45 

FIG. 1 is a schematic diagram of a typical prior art 
inductively coupled plasma reactor for plasma etch- 
ing and deposition. 

FIG. 2 is a schematic diagram of a portion of a hor- 
izontal cross section of an ICP reactor according to so 
a presently preferred embodiment of the present 
invention. 

FIGS. 2A, 2B, 2C, 2D and 2E are diagrams of hori- 
zontal cross sections of five presently preferred 
shield designs for use with the ICP reactor accord- 55 
ing to a presently preferred embodiment of the 
present invention. 

FIG. 3 is a schematic diagram of a portion of an ICP 
reactor and shield in proximity to a plasma dis- 



charge shown in horizontal cross section. 

FIG. 4 is a top view of an ICP reactor according to a 

presently preferred embodiment of the present 

invention. 

FIG. 5 is an elevational cross section of an ICP 
reactor according to a presently preferred embodi- 
ment of the present invention. 
FIG. 6 is a perspective diagram showing an ICP 
reactor RF coil, dielectric chamber wall and slotted 
shield according to a presently preferred embodi- 
ment of the present invention. 
FIG. 7 is a perspective diagram showing a slotted 
shield of an ICP reactor according to a presently 
preferred embodiment of the present invention, 
drawing of a tailored electrode according to the 
present invention having a generally conical shape 
with a reversed conical portion. 
FIG. 8 is a diagram of a portion of a horizontal cross 
section of an ICP reactor according to a presently 
preferred embodiment of the present invention 
incorporating a variable DC bias circuit. 
FIG. 9 is a schematic diagram of a TCP reactor 
according to a presently preferred embodiment of 
the present invention. 

FIG. 10 is a top view of a radially slotted planar 
internal Faraday-sputter shield for use with a TCP 
reactor according to FIG. 9. 
FIG. 1 1 is a top view of a planar spiral RF coil for 
use with a TCP reactor according to FIG. 9. 
FIG. 12 is a top view of a planar stepped spiral RF 
coil for use with a TCP reactor according to FIG. 9. 
FIG. 13 is a top view of a spoked RF coil for use 
with a TCP reactor according to FIG. 9. 
FIG. 14 is a top view of a spirally slotted planar 
internal Faraday-sputter shield for use with a TCP 
reactor according to FIG. 9. 
FIG. 15 is a top view of a stepped spirally slotted 
planar internal Faraday-sputter shield for use with a 
TCP reactor according to FIG. 9. 
FIG. 16 is a side view of a helical RF coil with flat- 
tened coil portions disposed against a dielectric 
window for use with a TCP reactor according to 
FIG. 9. 

FIG. 1 7 is a top view of a slotted planar internal Far- 
aday-sputter shield for use with, a TCP reactor 
according to FIG. 9 and the RF coil arrangement of 
FIG. 16. 

FIG. 18 is a system block diagram for a plasma 
reactor according to a presently preferred embodi- 
ment of the present invention. 

FIG. 2 is a schematic diagram of a portion of a hor- 
izontal cross section of an ICP reactor according to a 
first presently preferred embodiment of the present 
invention incorporating the new RF coil or antenna 
design. As can be seen in FIG. 2 which is a partial top 
view of the reactor chamber, plasma discharge 20 in a 
plasma forming region 21 is surrounded by shield struc- 
ture 22 which is. in turn, surrounded by dielectric cham- 
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ber wail 24 ("outer wall"). Wall 24 is preferably formed of 
fused quartz or another suitable high temperature vac- 
uum compatible material with low RF attennuation such 
as. for example, alumina. RF coil 26 is coiled about die- 
lectric chamber 24 as shown. 

According to a presently preferred embodiment of 
the present invention in the form of a sputter deposition 
reactor, the reactor is to be operated at an input power 
in excess of one kilowatt. The e xciting RFL energy is 
preferably in a range of from about 100 KHz to about 
2000 KHz or higher. The RF coil or antenna may be air 
or liquid cooled. Air cooling is simpler and is presently 
preferred. The pressure of the reactor chamber is main- 
tained in a range of from about 0.0133 Pa 1 
Ar with about 0.026 Pa required to achieve a self-ignit- 
ing plasma. Nitrogen gas may be introduced as well to 
achieve TiN deposition as well known to those of ordi- 
nary skill in the art. It is presently preferred to employ a 
rotating fixed magnet magnetron at the sputter target, 
although a magnetron is not required. The rotating mag- 
netron is desirable to achieve uniform target usage as is 
well known to those of ordinary skill in the art. Sputter 
targets of materials to be deposited are contemplated 
for use with the present invention. These include, but 
are not limited to. titanium (Ti), titanium-tungsten (TiW), 
copper (Cu). aluminum (Al). and the like. Non-conduc- 
tive materials may also be deposited. Furthermore, 
other plasma reactor configurations may be used other 
than sputter deposition configurations as will appear to 
those of ordinary skill in the art. 

A number of configurations are possible for shield 
structure 2 2. Some of these are shown i n FIGS^2A , 2B. 
2C. 2D and 2E w hich are diagrams of horizontal cross 
sections of f ive presently preferred shield designs fo r 
iirp with thP \CP fflfrrtnr nf fre present invention. FIG. 
2A is presently preferred for use by the inventors and is 
a double slotted shield with th e^shield .elements of the 
inner shield 28 offset from the slots of ♦h e-Quter shield 

I- mi Tl"*! C^fc 

30 so as to preclug^_apy.Jin^-of-sight paths betwee n 
sma 20 and RF coil 26. FIGS. 2B - 2E show other 



iQSSible arrangements which should work as well. Addi- 
tionally, if desired, cooling channels may be provided in 
the shield elements to allow coolant to flow between top 
and bottom of the shield elements so as to further cool 
the shield elements and permit the use of higher power 
plasmas. Such a scheme is shown and described in 
US-A-4,795.879 and hereby incorporated herein by ref- 
erence as if set forth fully herein. 

As shown more clearly in FIG. 3 which is a sche- 
matic diagram of a portion of an ICP reactor and shield 
in proximity to a plasma discharge shown in horizontal 
cross section, the double vertically slotted cylindrical 
Shield of FIG. 2A i^effprtive in protecting the dielectri c 
cyl inder 24 from cond uctive deposition contaminants as 
long as4he4near44pee43at bJMFP^ ot the m6tal atom s 
(i.e., th ose in the plasma) is much longer than the spa c- 
ing, d. bet ween the two sh ield layers 28 and 30. Note 
t hat the slot width, W. is not a critical di mension as lo ng 
as there is sufficient overlap between the shields 28 and 





_30_ja^achieve 

between the plasma and the RF coil. Also note that the 
MFP of an atom, such as a sputtered metal atom in the 
plasma, is a function of the gas pressure in the reactor. 
5 Thus, at about 0.133 Pa. of Ar, a Ti atom's MFP is on the 
order of 1 cm, but at 1 .33 Pa of Ar, the MFP drops to 
about 1 mm. 

FIG. 4 is a top view of an ICP reactor according to a 
presently preferred embodiment of the present inven- 
io tion showing the arrangement of the two shields 28 and 
30 to form a double vertically slotted shield structure. 

F IG. 5 is an elevational cross section of an ICP 
reactor according to a presently pre ferred em bodiment 
J. 3 Pa of of the present invention. Besides implementing the dou- 
75 ble vertically slotted shield as discussed above, there 
are also several other innovative features in this design. 
A n^upper and a lower adapter end -flange (32, 34, 
respectively) are used to provide vacuum seals 
between the dielectric cylinder 24 a nd the other portions 
20 of the reactor chamber. It is presently preferred to fabri- 
cate the adapters of aluminum. In FIG. 5 lower alumi- 
num adapter flange 34 is shown sealing dielectric 
c ylinder 24 to reactor chamber flange 36 . Similarly the 
magnetron target assembly 38 forms a cover of the 
25 reactor chamber and includes magnetron target 40 and 
a ceramic insulator 42 to which upper aluminum adapter 
flange 32 seals dielectric cylinder 24. 

Aluminum adapter flanges 32, 34 also serve as 
electrical conductors to ground the shields 28, 30 to the 
30 chamber wall and may be used to aid in supporting the 
weight of the upper portion of the chamber assembly, 
including the magnetron target assembly 38, if desired. 
The spacing between the two aluminum adapter flanges 
32, 34 is determined by: (1) the outer ground shield 44 
35 (which serves as the return RF current path of the 
shields 28, 30 and as a radiation shield fcw ^afi-REc oils 
__26 for purposes of reducing RF interferenceBmrfi? 



urposes of reducing RF interference emittea to 
theTenvironment); (2) by insulating standoffs between 
them; or (3) by the height of the dielectric cylinder 24. 
40 With design Nos. 1 or 2 above, the wall thickness of the 
preferably quartz dielectric cylinder 24 can be mini- 
mized (preferably to about 6 mm) as it only needs to be 
structurally capable of handling one atmosphere of 
pressure from inside to outside (vacuum to room pres- 
45 sure) but ^ thPajyf?io h l^tfr^,ftn t irp mfnrifitr™ f * r H ot 
as sembly 38 w hich is preferably^aMeast pa ^..sup- 
p orted by ground shield 44 . Reducing the distance from 
the RF coil to the plasma produces better coupling of 
power into the plasma within the reactor. The ground 
so shield 44 serves as the return RF current path of the 
shields 28, 30 and as a radiation shield for the RF coils 
for purposes of reducing RF interference emitted to the 
environment. 

The Far < aHqy-ftputt* a '- chioH ^^ira ?ft j^nae^an- 

55 tially elimin ates capacitive coupling between the TTFxoil 
and the plasma by providing an electrical short that pre- 
vents the capacitive component of the field caused by 
the RF coil from propagating to the inside of the Fara- 
day-sputter shield. 
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The present invention may also be used for the dep- 
osition and etching of non-conducting materials as well 
as conducting materials. A problem with using an induc- 
tively coupled plasma (ICP) source to deposit or etch 
non-conducting materials is that it generally results in 5 
deposition of such materials on the quartz wall of the 
vacuum envelope as well. Without the frequent use of 
special decontamination procedures on the dielectric 
cylinder (e.g., bead blasting, acid dipping) such materi- 
als will quickly build up and begin to flake off due to poor w 
adhesion of such materials to the smooth dielectric cyl- 
inder. Sucb-procodur<niQgu ire disassembly of the rea c- 
tor -and removal anri/nr replacement nl tho naprtnr 
jaay.filQp$* This inevitably causes a risk of particulate 
contamination of the products being fabricated in the 15 
chamber The use of an internal shield as described 
above essentially co mpletely protects the dielectric cy l- 
inder from t he deposited materials at the cost of sacrif ic- 
ing the shield after a certain period of time . Such metal 
shields, particularly when their surfaces are roughened, 20 
adhere sputtered materials much better than do quartz 
walls resulting in longer periods of time between neces- 
sary down time to open the chamber to clean and/or 
replace necessary parts. Such shields are much more 
easily replaced than the dielectric cylinder is cleaned, 2 s 
accordingly, such shields may be used in a somewhat 
similar fashion to the sputtering shields which are pres- 
ently commonly used in Physical Vapor Deposition 
(PVD) reactors. 

Since the internal shield is electrically conductive, it 30 
can be biased. Such biasing can be used to reduce dep- 
osition of materials onto the shield, extending the used 
life of the shields. Such biasing cannot be used on the 
dielectric cylinder because it is non-conductive. Accord- 
ing to a presently preferred embodiment of the present 35 
invention, a variable DC bias 46 is applied to the internal 
shield 22 with conventional DC bias coupling circuit 48 
as shown in/FIG. 8. Preferably, instead of connecting 
the shield directly to the ground 50 of the system, the 
shield is connected thr ough an RF capacitor 52 to 40 
gr ound 50 . A low pass filter 54, 56 designed to allow the 
DC bias to bias the shield without allowing the RF into 
the bias power supply is used to connect variable DC 
bias power supply 46 to the shield. The separation of 
the RF and DC grounding of the shield allows the bias- 45 
ing of the shield at any desired DC potential as selected 
by bias supply 46. By controlling the bias on the shield, 
the rate of deposition and etching (by sputtering of ions) 
of the deposited materials can be balanced or nearly 
balanced. An ideal situation is to make the net deposi- so 
tion rate just slightly greater than the etched rate every- 
where on the shield. This condition would greatly 
prolong the useful life of the shield. 

Where etching is involved, it may not be desirable to 
transport the etched material back to the substrate. For 55 
such applications, an in-situ cleaning cycle can be used 
between process cycles. That is, the shield would be 
grounded during regular etching to allow the deposition 
of the etched material onto the shield. During the clean- 



ing cycle, the shield would be biased to a negative- 
potential in order to enhance ion bombardment and 
sputtering. A reactive gas (e.g.. H 2 for oxide removal) 
can be used to convert the etched materials to volatile 
gasses that can then be pumped away. Since the same 
ICP source is used for the generation of the plasma, no 
extra electrodes or RF power supplies are needed to 
activate the in situ cleaning step. More uniform cleaning 
will result as the same source is used for both etching 
and cleaning. Shorter cleaning cycles are possible over 
prior art systems dependent upon a glow discharge 
power source for the in situ cleaning step as ICP has a 
higher plasma density than such a glow discharge. 

The shield of the present invention can be designed 
in a number of ways to facilitate optimization for a partic- 
ular application. FIGS. 2A - 2E depict a number of differ- 
ent cross sectional designs for such shields. As long as 
th ^jylFP of th e atoms is much longer than the spacings 
d (in FIG. 3) between the slots of the shields, all of these 
designs should work equally well. 

While this invention has been disclosed in terms of 
the use of a cylindrical dielectric vacuum chamber using 
ICP to form a plasma discharge, other configurations 
would also work and are intended to be covered by the 
appended claims. For example, a non-cylindrical domed 
or truncated-conical chamber wall could be used. Simi- 
larly, while cylindrical shields are shown, there is no 
requirement that the shield be cylindrical for use in ICP, 
but could be any generally hollow tubular structure hav- 
ing slots where the structure blocks all line of sight paths 
from its center or vertical axis to its outside or outer sur- 
face. 

Turning now to FIGS. 9 - 17. an arrangement for 
using the present invention with transformer coupled 
plasma (TCP) reactors is depicted. In this arrangement 
a reactor chamber 64 is provided which encloses a 
wafer chuck 65 on which may be disposed a wafer 66 to 
be processed. An RF signafmay be inductively coupled 
into the chamber 64. To do so, an RF coil/antenna 68 
which may be planar and is disposed adjacent to dielec- 
tric window 84 which is preferably essentially RF trans- 
parent and formed of alumina, quartz, or another 
suitable high temperature vacuum material. A Faraday- 
sputter shield 70/72 is formed of a pair of flat elements 
70, 72 which fit within chamber 64 and include slots 
which are offset so as to preclude any line-of-sight 
paths from the plasma forming region within the cham- 
ber 64 to window 84. 

In order to maximize inductive coupling while mini- 
mizing capacitive coupling, the coils and slots should be 
oriented perpendicular to one another as much as is 
practical. Since the slots and coils cannot be in the 
same plane, "perpendicular" here means perpendicular 
as viewed along an axis orthogonal to the dielectric 
chamber wall 24 or dielectric window 84. For example, 
in one preferred embodiment, coil 68 is a spiral arrange- 
ment as shown in FIG. 11 or a stepped spiral arrange- 
ment as shown in FIG. 12 while shield 70/72 is formed 
of a pair of offset disks configured with radially (or 
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spoked) oriented siots'74 as shown in FIG. 10. 

In another preferred embodiment, a radially (or 
spoked) oriented antenna 68 as depicted in FIG. 13 
may bie used with a spirally slotted pair of offset shields 
70/72 as shown in FIG. 14 or with a stepped spirally 
slotted pair of offset shields 70/72 as shown in FIG. 15. 

While in these embodiments, antenna 68 is prefer- 
ably planar, it need not be, and a helical antenna config- 
uration as shown in FIGS. 16-17 would also work. As 
shown in FIGS. 16 - 17 a non-planar RF coil/antenna 86 
shaped in the form of a helical coil with the portion adja- 
cent window 84 preferably flattened against window 84 
as shown is disposed outside the vacuum chamber. A 
pair of offset Faraday-sputter shields 88, 90 are dis- 
posed within the vacuum chamber adjacent to dielectric 
window 84. Shield 88 is formed with a plurality of slots 
92 which are arranged to be at substantially right angles 
to the flattened portions 94 of coil 86 when looked at 
from above coil 86 looking down through window 84, a 
view as is shown in FIG. 1 7. 

T wo requirements exist which a pply to the mate rial 
construct ion of the sh ields. First, for minimum power 
losses due to the addition of the shields, eddy current 
losses in the shields should be minimized. This is con- 
ventionally accomplished by forming the shields of a 
material with g ood electrical conductivity (i.e., gold, cop- 
per or silver) and aAQod (very smooth) surface finis h' for 
good surface electrical conductivity. Second, the mate- 
rial and surface finish of the shields mu6^^a^mote good 
a dhesio n of deposited materials or else therewflTbe-a 
high parti CU Idly uajiiI in tfie system. The material used 
| must not contribute contaminants to the system. Typi- 
' cally, such a requirement is met by providing a rou gh 
surfaceji nish in order to promote adhesion . The rough 
surface is typically achieved by abrading the surface 
with a bead blaster or similar technique. According to 
the present invention, both of these seemingly contra- 
dictory requirements are met at the same time. 

According to a presently preferred embodiment of 
the present invention, th e vertically slotted shield 58 in 
FIGS. 6 - 7 is formed of a material capable of adhering 
material released during the plasma process. The outer 
surface 60 of the shield exposed to the exciting coils is 
given a smooth finish and a smooth coating of a high 
conductivity material is applied to that face. Where the 
coils are external to the vacuum chamber, this smooth 
finish of the shields would be adjacent to the inner wall 
of the vacuum chamber and facing outward. The inner 
surface 62_o f the shield is roughened as by bead or 
sand blasting to the extent required by the application. 
Some applications might not require this step at all, oth- 
ers will. 

Another way to fabricate shield 58 is to begin with 
the shield in the shape desired, give it a smooth finish all 
over, plate it with a highly electrically conductive mate- 
rial, abrade the unwanted interior coating on inner sur- 
face 62 and apply a rough surface to it at that point. 

For the disk-type shield embodiment of FIGS. 9 - 
1 7, the disk-type shield 70/72 will have an upper side 80 



and a lower side 82 (FIG. 9), the upper side 80 will be 
adjacent to the dielectric-window 84 through which RF 
energy from RF coil 68 will come. The upper side 80 
may preferably be smooth and coated to enhance sur- 
5 face conductivity as outer surface 60. The lower side 82 
may be roughened to enhance adhesion as inner sur- 
face 62. 

Finally, turning to FIG. 18, as those of ordinary skill 
in the art will appreciate, a plasma reactor 100 as 

io described above (optionally including a conventional 
magnetron assembly) is intended to be used in a sys- 
tem 102 including a plasma gas supply 104 (typically 
Argon), an RF power supply 106 for powering the RF 
coil, a vacuum pump 108 for controlling the pressure of 

is plasma reactor chamber 100, wafer handling equipment 
1 10 for handling wafers (e.g., conventional mechanisms 
for loading and unloading wafers into and from the 
chamber, a conventional wafer table and chuck within 
the chamber 100, conventional substrate bias power 

20 supplies, etc.). A controller or multiple controllers 112 
preferably monitor and control the various components 
of the system in a conventional manner well known to 
those of ordinary skill in the art. System 102 may also, 
preferably, be part of a cluster tool device for carrying 

25 out several semiconductor process steps, as well known 
to those of ordinary skill in the art. 

While the apparatus has been described in a sub- 
strate-on-the-bottom configuration, there is nothing to 
prevent the apparatus from being constructed so that 

30 the substrate being worked on is held with its processed 
side facing down rather than up as shown. Clamping 
devices are known in the art which can achieve this ori- 
entation. 

35 Claims 

1. A Faraday-sputter shield for use in a plasma 
processing system, said shield comprising: 

40 a structure having a first surface and a second 

surface, with at least one slot disposed through 
said first and second surfaces; 
the walls of said structure defining said at least 
one slot intersecting substantially all line of 

45 sight paths between said first and second sur- 

faces. 

2. A shield as claimed in claim 1 for use in said plasma 
processing system which has a plasma confining 

so chamber and an RF coil located outside the cham- 
ber, said at least one slot being oriented with 
respect to said RF coil so as to attenuate most 
capacitive coupling between said RF coil and a 
plasma disposed within a plasma forming region 

55 within said chamber while not attenuating most 
inductive coupling between said RF coil and said 
plasma. 

3. A shield as claimed in claim 1 or claim 2 wherein 
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said second surface is treated to enhance adhesion 
between said second surface and material sput- 
tered from a sputter target. 

4. A shield as claimed in any one of claims 1 to 3 
wherein said first surface is treated to enhance its 
electrical conductivity. 

5. A shield as claimed in any one of claims 1 to 4 
wherein said structure comprises a hollow tubular 
structure having said second surface disposed 
inside said tubular structure and said first surface 
disposed outside said tubular structure, said sec- 
ond surface and said first surface disposed about a 
central axis, there being a plurality of said slots dis- 
posed parallel to said central axis. 

6. A shield as claimed in any one of claims 1 to 4 
wherein said structure comprises a flat, planar 
structure having said first surface planar and dis- 
posed at one side of said structure and said second 
surface planar and disposed at an opposite side of 
said structure. 

7. A shield as claimed in claim 5 or claim 6 wherein 
said first surface is finished with a first finish of a 
first roughness and said second surface is finished 
with a second finish of a second roughness, said 
second roughness being rougher than said first 
roughness. 

8. A plasma reactor comprising: 

a plasma confining chamber within which a 
semiconductor substrate is to be processed, 
said chamber including an outer wall, at least a 
portion of said outer wall formed of a dielectric 
material; 

an RF coil located outside said chamber, adja- 
cent to the portion of said outer wall formed of 
a dielectric material; and 
a Faraday-sputter shield as claimed in any one 
of the preceding claims located inside said 
chamber and adjacent to the portion of said 
outer wall formed of a dielectric material, said 
at least one slot being oriented with respect to 
said RF coil so as to attenuate most capacitive 
coupling between said RF coil and a plasma 
disposed within a plasma forming region within 
said chamber while not attenuating most induc- 
tive coupling between said RF coil and said 
plasma, the walls of said structure defining said 
at least one slot intersecting substantially all 
line of sight paths between a plasma forming 
region within said chamber and said portion of 
said outer wall formed of a dielectric material. 

9. A reactor as claimed in claim 8 wherein each said 
slot is oriented perpendicularly to said RF coil. 
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10. A reactor as claimed in claim 8 or claim 9 further- 
comprising a magnetron sputter target disposed 
within said chamber. 

5 11. A reactor as claimed in claim 10 further comprising 
means for rotating magnets of said magnetron 
sputter target about a vertical axis thereof. 

12. A reactor as claimed in any one of claims 8 to 11 
w further comprising: 

a bias power supply for generating a DC bias 
voltage; and 

means for electrically connecting said DC bias 
75 voltage to said Faraday-sputter shield. 

13. A reactor as claimed in any one of claims 8 to 12 
wherein said portion of the outer wall is formed of 
quartz. 

20 

14. A reactor as claimed in any one of claims 8 to 12 
wherein said portion of the outer wall is formed of 
alumina. 

25 15. A reactor as claimed in any one of claims 8 to 14 
further comprising a cylindrical, electrically conduc- 
tive radio frequency interference shield disposed 
about said RF coil. 

30 16. A reactor as claimed in any one of claims 8 to 15 
further comprising a plasma gas supply, a vacuum 
pump, wafer handling equipment, an RF power sup- 
ply and a controller. 

35 17. A method of plasma processing a semiconductor 
substrate comprising the steps of: 

enclosing a semiconductor substrate to be 
plasma processed within the plasma confining 
40 chamber of a plasma reactor as claimed in 

claim 8 or any claim dependent thereon and 
energizing said RF coil with an RF signal. 
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